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Abstract

BACKGROUND: The aim of this study was evaluation of the
clinical usefulness of bone scintigraphy and of serum bone turn-
over marker levels in the assessment of skeletal metastases.
MATERIAL AND METHODS: We investigated 60 patients with
suspected skeletal metastases. Serum level of bone-formation
marker: amino- terminal propeptide of type I procollagen (PINP)
and a bone-degradation marker: carboxy-terminal telopeptide
of type I collagen (ICTP) were assessed with radioimmunoas-
says. Bone MDP-99m-Tc scans were performed as well.
RESULTS: Hot spots were showed in 72% of patients. Accord-
ing to bone scintigraphy the patients were divided in to 3 groups:
Group I — without hot spots (n = 16; 26%), Group II up to
10 hot spots (n = 25; 42%) and Group III more that 10 hot spots
(n = 19; 32%). Mean serum level of ICTP was significantly high-
er in Group II than in Group I (p < 0.05), as well as in Group III
compared to Group II (p < 0.001) and in Group III compared to
Group I (p < 0.001). There is only one significant relationship in
PINP levels — between Groups II and III.
CONCLUSIONS: The levels of bone pathological degradation
(ICTP) and bone formation reflect the metastatic disease extent
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in bone. Serum ICTP level is more useful in staging metastasis.
Significantly higher PINP reflects only a much disseminated
process.
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Introduction

Metastases to the osseous system result from the advance-
ment of such neoplasms as: prostate cancer, lung cancer, breast
cancer, thyroid gland or renal cancer. The factors that influence
the development of metastases include: the degree of cancer
malignancy, its histological type, the formation of emboli from
cancerous cells in blood vessels and cancerous infiltrations in bone
marrow [1].

The complications which result from metastases to bones are:
hypercalcaemia, pain and pathological fractures — especially dan-
gerous in the case of changes in the spinal column because of
the possibility of pressure on the spinal cord. The destruction of
bones in metastatic disease is linked with the process of osteo-
clastic activation. The process of the formation of metastases is
a multi-stage phenomenon which includes: the destruction of the
tissue surrounding a tumour by cancerous cells, the invasion of
cancerous cells into the lumen of blood vessels and their trans-
port to the places of metastasis formation, the adhesion of the
cells to the endothelium and their infiltration through the wall of
a blood vessel as well as the invasion of destination tissue.

According to current knowledge, the pathological changes in
structure and function of bones, which are invaded by cancerous
cells, result mainly from the disturbances in activities between
osteoclasts and osteoblasts and, to a lesser extent, from direct
infiltration by cancerous cells.

In patients with suspicion of metastatic disease due to the
character of primary neoplasm, diagnostic tests, which aim to
determine whether there are metastases to the osseous system
and if so, to determine the extent to which the osseous system is
affected, prove invaluable.

The marker of bone turnover of which the level in blood plas-
ma reflects the degree of cancer dissemination in bones is
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C-terminal telopeptide of type I collagen (ICTP), the product of
degradation of type I collagen [2, 3]. There exist two means of
osseous resorption: the first, activated by cathepsin-K, is charac-
teristic of physiological reconstruction, and the other, activated by
metalproteinases of extracellular space (MMP), is characteristic
of cancerous destruction of bones. The level of ICTP reflects the
destruction of osseous collagen, which takes place by means of
MMP, and it does not show any growth in the case of physiological
reconstruction, for instance in postmenopausal osteoporosis [4].

The blood plasma level of N-terminal propeptide of type I pro-
collagen (PINP) is an indicator of the formation of new osseous
collagen fibres (Type I), the monitoring of its concentration can
consequently be used to determine the level of bone turnover in
various diseases, also in skeletal metastatic disease [3, 5].

Bone scintigraphy, as well as the above-mentioned markers,
reflects metabolic changes in bones. This is the simplest nuclear
medicine method used in the evaluation of patients with cancer
and suspicion of bone metastases [6]. This technique is very sen-
sitive because changes in calcification of 5–10% in local metabo-
lism are easily detected. The accumulation of osteotropic tracers
used in bone scintigraphy depends on the blood supply in bones,
the content of collagen, mineralization, the activity of bone recon-
struction and hormonal factors. Osteotropic tracers accumulate
via chemoabsorption into forming crystals of hydroxyapatite in their
immature form, i.e. in the places of active mineralization of freshly
produced osteoid by osteoblasts [7]. This fact was confirmed by
Einhorn’s histological tests, which showed the accumulation of
osteotropic complexes with 99m-Tc in calcification fronts [8].
Metastatic changes in bone scintigraphy can be shown, on ave-
rage, 12 months earlier than in classic X-ray images. Bone scinti-
graphy is characterized by high sensitivity — 97%. Firstly, me-
tastases stimulate metabolic processes in adjacent osseous ti-
ssue, and then they cause changes in the structure [9].

The aim of this study was to evaluate the clinical usefulness of
bone scintigraphy and serum bone turnover marker levels in the
assessment of skeletal metastases.

Material and methods

The study was performed on 60 patients (29 women and 31
men) aged from 33 to 75 years (the mean age was 60 years). All
the patients had been diagnosed with cancer and referred for bone
scintigraphy with suspicion of skeletal metastases. The studied
group included 20 cases of breast cancer, 20 patients with pros-
tate cancer and 20 cases of other malignancies like pulmonary
cancer and kidney cancer (Table 1). Twenty healthy volunteers
ranging in age from 30 to 57 years (mean age 50 years) were
studied as the control group (CG) with respect to bone turnover
markers.

Whole body scans were performed on all the patients, using
the “step and shoot” method (4 minutes per image), 2.5 hours
after intravenous injection of MDP-99mTc. The examinations were
performed utilising a dual-head gamma camera Varicam (Elscint,
Haifa, Israel). Acquisition was performed using 256 × 256 matrix
and high-resolution collimator (VPC 45). Additional projections
were performed in the majority of cases. On the day of scinti-
graphic imaging, serum levels of UniQ ICTP and UniQ PINP
(Orion Diagnostica, Espoo, Finland) were measured in all the pa-

tients, using the RIA method. The normal range of serum ICTP
and PINP was respectively: for female 1.6 mg/L — 5.0     mg/L and
20.0 mg/L — 76.0 mg/L, for male 1.3 mg/L — 5.2 mg/L and 19.0 mg/L
— 84.0 mg/L. Based on scintigraphic findings (SF), the patients
were divided into three groups: Group I — with no “hot” spots,
typical for osteoblastic metastases (16 patients — 26%), Group II
— with less than 10 “hot” spots (25 patients — 42%), Group III
with more than 10 “ hot” spots (19 patients — 32%) (Table 2).

Results

“Hot” spots, characteristic for bone metastases, were detected
in bone scans in 72% of the patients (Figure 1). Table 3 shows the
levels of the tested markers. In the whole group of patients who
were examined, the concentration of PINP was 86.66 ± 175.25 mg/l,
that of ICTP was 6.56 ± 5.94 mg/l, in the control group the con-
centration of PINP was 40.0 ± 11.0 mg/l and that of ICTP — 2.5 ±
± 0.9 mg/l.

In analyzing the whole group of patients (Table 4) statistically
significant correlations between PINP and ICTP were detected
(r = 0.661, p < 0.001) as well as between PINP and the number
of hot foci (r = 0.641; p < 0.001) and also between ICTP and the
number of metastatic changes (r = 0.536; p < 0.001). No signi-
ficant relationship between the tested markers of bone turnover
and the age of the patients was determined.

As far as the analysis based on the division into groups is
concerned (Table 5), no statistically significant differences in le-
vels of PINP and ICTP between Group I and the control group were
shown. Statistically significant differences in concentrations of ICTP
were shown between Group I and II (p < 0.05), between Groups I
and III (p < 0.001) and between Groups II and III (p < 0.001). The
only statistically significant difference in the concentration of PINP
was present between Group II and Group III (p < 0.05).

In Group I, the prevalence of elevated ICTP concentration was
6.25%. This figure increased to 32.0% in Group II and 87.5% in
Group III. The prevalence of elevated PINP in Groups I–III was
respectively: 18.75%, 8.0%, 44.0%. In the control group, no ele-
vated ICTP or PINP results were observed.

Table 1. Prevalence of breast cancer and prostate cancer in theTable 1. Prevalence of breast cancer and prostate cancer in theTable 1. Prevalence of breast cancer and prostate cancer in theTable 1. Prevalence of breast cancer and prostate cancer in theTable 1. Prevalence of breast cancer and prostate cancer in the
studied groups of patientsstudied groups of patientsstudied groups of patientsstudied groups of patientsstudied groups of patients

Type of cancerType of cancerType of cancerType of cancerType of cancer Whole GroupWhole GroupWhole GroupWhole GroupWhole Group Group IGroup IGroup IGroup IGroup I Group IIGroup IIGroup IIGroup IIGroup II Group IIIGroup IIIGroup IIIGroup IIIGroup III
nnnnn nnnnn nnnnn nnnnn

Breast cancer 20 6 8 6
Prostate cancer 20 6 11 3
Other malignancies 20 4 7 10

Table 2. The groups of the patients according to scintigraphicTable 2. The groups of the patients according to scintigraphicTable 2. The groups of the patients according to scintigraphicTable 2. The groups of the patients according to scintigraphicTable 2. The groups of the patients according to scintigraphic
findingsfindingsfindingsfindingsfindings

 Group Group Group Group Group  n (%) n (%) n (%) n (%) n (%)  Age X ± SD Age X ± SD Age X ± SD Age X ± SD Age X ± SD  Number of hot spots Number of hot spots Number of hot spots Number of hot spots Number of hot spots

I 16 (26%) 56 ± 12  None
II 25 (42%) 62 ± 9.6  Less than 10
III 19 (32%) 61 ± 8.8  More than 10
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one of the better-known methods is evaluation according to Solo-
way [13]. According to this division, the first degree of the ad-
vancement in metastatic process corresponds in skeletal scintig-
raphy to the presence of fewer than six changes, each of which
corresponds to about 50% of the size of vertebra. The second
degree corresponds to the number of changes from 6 to 20; the
third degree means more than 20 changes but not superscan,
the fourth degree- “superscan” — corresponds to the situation in
which over 75% of ribs, spinal column and pelvic bones are
affected. This division, according to the authors of this paper is
rather appropriate for the group with a more advanced metastatic
process than the group presented in this paper. Another classifi-
cation was used by Konieczna et al [14]: the classification in which
a group without any metastases was taken into account (Group O),
as well as a group with single metastases (Group I) and group
with multiple metastases (Group II).

In this paper we used our own, somehow modified division of
patients, which depends on the number of “hot” spots detected
in skeletal scintigraphy. Group I without “hot” foci typical of osteo-
blastic metastases, Group II with up to 10 “hot” spots, and Group
III with more than 10 “hot” foci.

Skeletal scintigraphy is one of the most frequently carried out
isotopic examinations, and the main question put by clinicians to
nuclear medicine specialists is whether patients diagnosed with
cancerous processes have metastatic changes in bones or not.
Fairly frequently this is a difficult question to answer as a result of

Table 3. Serum levels of examined markersTable 3. Serum levels of examined markersTable 3. Serum levels of examined markersTable 3. Serum levels of examined markersTable 3. Serum levels of examined markers

Serum level [Serum level [Serum level [Serum level [Serum level [mmmmmg/l]g/l]g/l]g/l]g/l] Control groupControl groupControl groupControl groupControl group Whole groupWhole groupWhole groupWhole groupWhole group IIIII IIIIIIIIII IIIIIIIIIIIIIII

PINP X ± SD 40.040.040.040.040.0 ± 11 86.686.686.686.686.6 ± 175.3 53.553.553.553.553.5 ± 21.3 42.442.442.442.442.4 ± 19.4 188.9188.9188.9188.9188.9 ± 313.1
ICTP X ± SD 2.52.52.52.52.5 ± 0.9 6.66.66.66.66.6 ± 5.94 3.43.43.43.43.4 ± 1.9 4.94.94.94.94.9 ± 2.2 12.312.312.312.312.3 ± 8.3

PINP — Procollagen IN-terminal peptide; ICTP — I Collagen C-telopeptide

Table 4. Correlations between measured parameters in theTable 4. Correlations between measured parameters in theTable 4. Correlations between measured parameters in theTable 4. Correlations between measured parameters in theTable 4. Correlations between measured parameters in the
whole group of patientswhole group of patientswhole group of patientswhole group of patientswhole group of patients

 Correlation Correlation Correlation Correlation Correlation  p p p p p

 PINP vs. ICTP < 0.001
 PINP vs. SF < 0.001
 PINP vs. age > 0.05
 ICTP vs. SF < 0.001
 ICTP vs. age < 0.002

PINP — Procollagen IN-terminal peptide; ICTP — I Collagen C-telopeptide

Table 5. Comparison between PINP and ICTP in the studiedTable 5. Comparison between PINP and ICTP in the studiedTable 5. Comparison between PINP and ICTP in the studiedTable 5. Comparison between PINP and ICTP in the studiedTable 5. Comparison between PINP and ICTP in the studied
groupsgroupsgroupsgroupsgroups

 Comparison of the groups Comparison of the groups Comparison of the groups Comparison of the groups Comparison of the groups  PINP PINP PINP PINP PINP  ICTP ICTP ICTP ICTP ICTP

I vs. control group NS NS
I vs. II NS p < 0.05
I vs. III NS p < 0.001
II vs. III p < 0.05 p < 0.001

PINP — Procollagen IN-terminal peptide; ICTP — I Collagen C-telopeptide; NS — non
significant

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1.     MDP99mTc bone scan of a 64-year-old patient with multiple
osteosclerotic metastases from prostate cancer.

Discussion

Numerous studies show that skeletal scintigraphy with
MDP-99mTc is an excellent tool for early detection of metastatic
changes as well as for monitoring the course of a disease, espe-
cially in the case of breast and prostate cancer. Skeletal scintigra-
phy is highly sensitive and in skilled hands it can also be highly
specific with respect to these diseases [10]. Crippa et al. demon-
strated, on the basis of 1971 bone scans carried out in 260 women
patients diagnosed with breast cancer and monitored for 10 years,
the sensitivity of this test to be about 98.2% and specificity 95.2%,
accuracy 95.5%, positive predictive value 72.8% and negative
predictive value 99.8% [11]. Cereceda et al, who dealt with a prob-
lem of metastatic changes of the spinal column in patients with
prostate cancer, state that skeletal scintigraphy is the most effec-
tive screening method in these patients [12].

There are methods of semi-quantitative skeletal scintigraphy
evaluation in patients with metastatic changes in bones; however,
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the coexistence of posttraumatic or degenerative changes, espe-
cially in elderly people. The test of bone turnover markers is an
additional, auxiliary test carried out by many hospitals in order to
evaluate the progression of metastatic processes and to monitor
their development [6, 7, 15, 16].

Some authors propose determining the levels of PINP and
ICTP for a screening test qualifying for skeletal scintigraphy [14].
These authors suggest that the lack of deviation from the normal
levels of the determined bone turnover markers allows skeletal
scintigraphy not to be carried out since such a result rules out, to
a high probability, the existence of metastases to the osseous
system. The authors of the currently presented paper accord with
this statement because in the group of patients examined by us
without any metastatic changes in scintigraphy, the values of both
PINP and ICTP did not differ in comparison with control groups.
Tahtela et al [3] point out that the determination of concentration
of bone turnover markers (ICTP, PINP and PICP) solely is not sen-
sitive enough for full diagnosis; however, these tracers can be
helpful in diagnosing and monitoring metastatic disease of bones.
Schoenberger et al [17] underlines that PINP and ICTP are less
expensive than bone scans, but the sensitivity and specificity of
these markers for the detection of bone metastases are low. For
that reason, PINP and ICTP cannot be used as screening param-
eters in metastatic bone disease. Ebert et al. concluded that in
patients with lung cancer, the currently available bone markers
(among others — PINP and ICTP) cannot replace bone scintigra-
phy either for screening or for monitoring bone metastases [18].

Similarly to other authors [19], in this paper, we demonstrate
a significant relationship between the degree of advancement in
metastatic processes detected in skeletal scintigraphy and the
values of bone turnover markers. What is more, Konieczna et al
[14] points out the best correlation of PINP with scintigraphic
changes, whereas in the material tested by us, both ICTP and
PINP show the same degree of correlation with scintigraphic
image with regard to the whole group of patients.

Koizumi et al [20] demonstrated the values of ICTP determina-
tions in skeletal metastatic disease and they highlighted the lack of
this tracer elevation in the menopausal period. The authors of this arti-
cle obtained similar results, where no relationship between osseous
turnover tracers and age was established and ICTP was a better marker
for determining the current advancement in skeletal changes.

Some authors emphasize a predictive value of both markers
— ICTP and PINP, in evaluating cancer patients. Jukkola et al.
have found the recurrence of the disease in 32% of 373 cases of
node-positive breast cancer during 45 months after surgical treat-
ment. Serum level of PINP was significantly higher in patients with
bone metastases than without. These authors suggest that the
high level of PINP in these patients during the postoperative pe-
riod is an indicator of unfavourable prognosis [21]. According to
Ylisirnio et al, elevated levels of ICTP and CrossLaps in lung can-
cer patients predict a shorter duration of survival [22]. Simojoki et
al estimated the predictive value of bone turnover markers in pa-
tients with epithelial ovarian cancer. In these patients, a high level
of ICTP and low ratio of carboxyterminal propeptide of type I pro-
collagen (PICP) to aminoterminal (PINP) — PICP: PINP, are prog-
nostically unfavourable [23].

Studies of Kobayashi et al [24] pointed out that the measure-
ment of serum PINP and ICTP is useful not only in detecting the

progression of cancer but also in serial monitoring of metastases,
including assessment of therapeutic response.

Unfortunately, serial monitoring of our patients was not possi-
ble — the measurement of bone turnover markers and skeletal
scintigraphy were performed only once. Therefore, based on
acquired data, we cannot draw broader conclusions than those
presented below.

Conclusions

A significant correlation exists between the level of bone turn-
over markers PINP and ICTP and the degree of advancement of
skeletal metastatic processes evaluated by means of scintigraphy.

The concentration of Type I collagen molecule degradation
marker ICTP allows a more precise determination of the degree of
advancement of this process than the level of PINP, the marker of
bone formation.

A significant increase in PINP value is present only in the case
of multiple metastatic changes in bones.

Bone scintigraphy with bone turnover markers, especially ICTP,
can help in better assessment and in monitoring of metastatic
bone disease.
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